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This section provides some basic information about better site design and why it's important. For more detailed information, you might 
want to read the "Introduction to Better Site Design" article (.pdf format), or visit our Stormwater Manager's Resource Center at 
www.stormwatercenter.net to see slideshows, additional articles and other better site design materials. As well, check out our Builders 
for the Bay project to see how the Center is helping to make better site design happen in the Chesapeake Bay region. 

Few watershed management practices simultaneously reduce pollutant loads, conserve natural 
areas, save money, and increase property values. Indeed, if such “wonder practices” were ever 
developed, they would certainly spread quickly across the nation. As it turns out, these practices have 
existed for years. Collectively called “better site design,” the techniques employ a variety of methods 
to reduce total paved area, distribute and diffuse stormwater, and conserve natural habitats. 

Better site design is a fundamentally different approach to residential and commercial development. It 
seeks to accomplish three goals at every development site: to reduce the amount of impervious 
cover, to increase natural lands set aside for conservation, and to use pervious areas for more 
effective stormwater treatment. To meet these goals, designers must scrutinize every aspect of a site 
plan— its streets, parking spaces, setbacks, lot sizes, driveways, and sidewalks— to see if any of 
these elements can be reduced in scale. At the same time, creative grading and drainage techniques 
reduce stormwater runoff and encourage more infiltration.  

Why is it so difficult to implement better site design in so many communities? The primary reason is 
the outdated development rules that collectively govern the development process: a bewildering mix 
of subdivision codes, zoning regulations, parking and street standards, and drainage regulations that 
often work at cross-purposes with better site design. Few developers are willing to take risks to bend 
these rules with site plans that may take years to approve or that may never be approved at all. In 
1997, a national site planning roundtable was convened to address ways to encourage better site 
design techniques in more communities. The participants represented the diverse mix of 
organizations that affect the development process and provided the technical and real-world 
experience to make better site design happen. After two years of discussion, the roundtable endorsed 
22 better site design techniques that offer specific guidance that can help achieve one of the basic 
better site design goals. These techniques are grouped into three areas: 

5& Residential Streets and Parking Lots �

�& Lot Development �

:& Conservation of Natural Areas �

Site Planning Model Development Principles  

 

The twenty-two model development principles provide design guidance for economically viable, yet 
environmentally sensitive development. Our objective is to provide planners, developers, and local 
officials with benchmarks to investigate where existing ordinances may be modified to reduce 
impervious cover, conserve natural areas, and prevent stormwater pollution. These development 
principles are not national design standards. Instead, they identify areas where existing codes and 
standards can be changed to better protect streams, lakes and wetlands at the local level. The 
development principles are divided into the three following areas: 

• Residential Streets and Parking Lots (Habitat for Cars)�
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• Lot Development (Habitat for People)�

• Conservation of Natural Areas (Habitat for Nature) �

Each principle is presented as a simplified design objective. Actual techniques for achieving the 
principle should be based on local conditions.  

Residential Streets and Parking Lots (Habitat for Cars) 

1. Design residential streets for the minimum required pavement width needed to support travel 
lanes; on-street parking; and emergency, maintenance, and service vehicle access. These widths 
should be based on traffic volume.�

2. Reduce the total length of residential streets by examining alternative street layouts to determine 
the best option for increasing the number of homes per unit length.�

3. Wherever possible, residential street right-of-way widths should reflect the minimum required to 
accommodate the travel-way, the sidewalk, and vegetated open channels. Utilities and storm drains 
should be located within the pavement section of the right-of-way wherever feasible.�

4. Minimize the number of residential street cul-de-sacs and incorporate landscaped areas to reduce 
their impervious cover. The radius of cul-de-sacs should be the minimum required to accommodate 
emergency and maintenance vehicles. Alternative turnarounds should be considered.�

5. Where density, topography, soils, and slope permit, vegetated open channels should be used in 
the street right-of-way to convey and treat stormwater runoff.�

6. The required parking ratio governing a particular land use or activity should be enforced as both a 
maximum and a minimum in order to curb excess parking space construction. Existing parking ratios 
should be reviewed for conformance taking into account local and national experience to see if lower 
ratios are warranted and feasible.�

7. Parking codes should be revised to lower parking requirements where mass transit is available or 
enforceable shared parking arrangements are made.�

8. Reduce the overall imperviousness associated with parking lots by providing compact car spaces, 
minimizing stall dimensions, incorporating efficient parking lanes, and using pervious materials in 
spillover parking areas where possible.�

9. Provide meaningful incentives to encourage structured and shared parking to make it more 
economically viable.�

10. Wherever possible, provide stormwater treatment for parking lot runoff using bioretention areas, 
filter strips, and/or other practices that can be integrated into required landscaping areas and traffic 
islands.�

  

Lot Development (Habitat for People) 

11. Advocate open space design development incorporating smaller lot sizes to minimize total 
impervious area, reduce total construction costs, conserve natural areas, provide community 
recreational space, and promote watershed protection.�

12. Relax side yard setbacks and allow narrower frontages to reduce total road length in the 
community and overall site imperviousness. Relax front setback requirements to minimize driveway 
lengths and reduce overall lot imperviousness.�

13. Promote more flexible design standards for residential subdivision sidewalks. Where practical, 



��������	
���
�������
�������	���������������	
���
�������
�������	���������������	
���
�������
�������	���������������	
���
�������
�������	�����������
����������������������������������������

�� � � � �
����������	



���������


������������






consider locating sidewalks on only one side of the street and providing common walkways linking 
pedestrian areas.�

14. Reduce overall lot imperviousness by promoting alternative driveway surfaces and shared 
driveways that connect two or more homes together.�

15. Clearly specify how community open space will be managed and designate a sustainable legal 
entity responsible for managing both natural and recreational open space.�

16. Direct rooftop runoff to pervious areas such as yards, open channels, or vegetated areas and 
avoid routing rooftop runoff to the roadway and the stormwater conveyance system.�

Conservation of Natural Areas (Habitat for Nature) 

17. Create a variable width, naturally vegetated buffer system along all perennial streams that also 
encompasses critical environmental features such as the 100-year floodplain, steep slopes and 
freshwater wetlands.�

18. The riparian stream buffer should be preserved or restored with native vegetation. The buffer 
system should be maintained through the plan review delineation, construction, and post-
development stages.�

19. Clearing and grading of forests and native vegetation at a site should be limited to the minimum 
amount needed to build lots, allow access, and provide fire protection. A fixed portion of any 
community open space should be managed as protected green space in a consolidated manner.�

20. Conserve trees and other vegetation at each site by planting additional vegetation, clustering tree 
areas, and promoting the use of native plants. Wherever practical, manage community open space, 
street rights-of-way, parking lot islands, and other landscaped areas.�

21. Incentives and flexibility in the form of density compensation, buffer averaging, property tax 
reduction, stormwater credits, and by-right open space development should be encouraged to 
promote conservation of stream buffers, forests, meadows, and other areas of environmental value. 
In addition, off-site mitigation consistent with locally adopted watershed plans should be encouraged.�

22. New stormwater outfalls should not discharge unmanaged stormwater into jurisdictional wetlands, 
sole-source aquifers, or sensitive areas.�
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Site preparation prior to the construction of residential units typically involves removing or stock piling 
the existing vegetation and topsoil.  This has an immediate hydrologic impact because of the 
reduction in soil structure, pore space, organic content and biological activity.  After construction, a 
thin layer of topsoil is usually spread on the now very compacted subsoil and then the area is seeded 
or sodded.  �

 
Magnified view of native soil 

(Source: King County DNR  
Solid Waste Division) 

 
Magnified view of disturbed soil 

(Source: King County DNR  
Solid Waste Division) 

The combination of soil compaction and loss of organic matter has several undesirable 
consequences:�

•��������With the infiltration capacity of the site significantly reduced, rainwater more quickly runs off into 
local streams.  This, in turn, tends to increase erosion, scouring and the sediment load.  �

•��������The rate of groundwater recharge decreases.�

•��������Due to the soil compaction and the loss of organic matter, the availability of subsurface water to 
plants is reduced.�

•��������The increased volume and frequency of runoff carries pollutants with it that include pesticides, 
fertilizers, animal wastes and chemicals such as phosphorous and nitrogen.  �

•�������Homeowners now have to apply pesticides, fertilizers and irrigation water in increasing amounts 
in order to maintain their landscapes. 1  �

Soil additives, or amendments, can be used to minimize development impacts on native soils by 
restoring their infiltration capacity and chemical characteristics.  After soils have been amended their 
improved physical, biological and hydrological characteristics will make them more effective agents of 
stormwater management.   

Soil Amendment Component Properties / Quantities 

Soil amendments can include not only compost and mulch but also top soil, lime and gypsum.  These 
additional components help offset any nutritional deficiencies and control acidity.   

A thorough soil analysis of the native soil is required to determine the optimum quantity for each 
component in order to obtain the maximum benefit from compost amending.  Soil amendment 
components should generally be mixed and applied in the following manner. 2 
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Uniform mixing of compost using a rototiller 

(Source: US Composting Council) 

• Compost. The amount of compost to be applied depends upon the organic content of the 
existing soil as well as the targeted amount of the proposed soil amendment. Compost 
typically has an organic content of 45-60% and is often used as the sole means of providing 
organic material to the soil profile. In soils that have organic contents of less than one 
percent, 8 to 13 percent by soil weight is a typical target of a proposed soil amendment with 
compost. As a general rule, a 2-to-1 ratio of existing soil to compost, by loose volume, will 
achieve the desired organics level. Locally available compost may be utilized if it is of high 
enough quality and available at a cost effective price.   

• Nutrients and Lime. If the soil pH is below 6.0 the addition of pelletized dolomite is 
recommended, with application rates in the range of 50 to 100 pounds per 1000 square feet. 
Nitrogen requirements usually range from 2 to 8 pounds per 1000 square feet, with slow 
release water-insoluble forms being the preferred method. Other soil additions may include 
sulfur and boron with the amount needed determined by soil analysis. 
   

• Gypsum. Hydrated calcium sulfate (CaSO4 � 2H2O) is sometimes applied to a soil in order to 
increase calcium and sulfur without affecting the pH, as well as to enhance a soil’s structure 
in high clay content soils.  
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Overview:  
 
Since impervious pavement is the primary source of stormwater runoff, Low Impact 
Development strategies recommend permeable paving for parking areas and other hard 
surfaces. Permeable paving allows rainwater to percolate through the paving and into the 
ground before it runs off. This approach reduces stormwater runoff volumes and minimizes 
the pollutants introduced into stormwater runoff from parking areas.  
 
All permeable paving systems consist of a durable, load bearing, pervious surface overlying a 
crushed stone base that stores rainwater before it infiltrates into the underlying soil. 
Permeable paving techniques include porous asphalt, pervious concrete, paving stones, and 
manufactured “grass pavers” made of concrete or plastic. Permeable paving may be used for 
walkways, patios, plazas, driveways, parking stalls, and overflow parking areas.  
   
Management Objectives  
 
Reduce stormwater runoff volume from paved surfaces  
Reduce peak discharge rates.  
Increase recharge through infiltration.  
Reduce pollutant transport through direct infiltration.  
Improve site landscaping benefits (grass pavers only.)  
  
 
Applications and Design Principles  
 
Permeable paving is appropriate for pedestrian-only areas and for very low-volume, low-
speed areas such as overflow parking areas, residential driveways, alleys, and parking stalls. 
It can be constructed where the underlying s oils have a permeability of at least 0.3” per hour. 
Permeable paving is an excellent technique for dense urban areas because it does not 
require any additional land. With proper design, cold climates are not a major limitation; 
porous pavement has been used successfully in Norway, incorporating design features to 
reduce frost heave. 
 
Permeable paving is not ideal for high traffic/high speed areas because it has lower load-
bearing capacity than conventional pavement. Nor should it be used on stormwater 
“hotspots” with high pollutant loads because stormwater cannot be pretreated prior to 
infiltration. Heavy winter sanding may clog joints and void spaces. 
 
 A schematic cross section of permeable paving. In some applications, the crushed stone 
reservoir below the paving is designed to store and infiltrate rooftop runoff as well. Image: 
Cahill Associates, Inc. 2004  
  
 
There are three major types of permeable paving:  
 

• Porous asphalt and pervious concrete appear to be the same as traditional asphalt or 
concrete pavement. However, they are mixed with a very low content of fine sand, so 
that they have 10%-25% void space and a runoff coefficient that is almost zero.  

• Paving stones (aka unit pavers) are impermeable blocks made of brick, stone, or 
concrete, set on a prepared sand base. The joints between the blocks are filled with 
sand or stone dust to allow water to percolate downward. Runoff coefficients range 
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from 0.1 – 0.7, depending on rainfall intensity, joint width, and materials. Some 
concrete paving stones have an open cell design to increase permeability.  

• Grass pavers (aka turf blocks) are a type of open-cell unit paver in which the cells are 
filled with soil and planted with turf. The pavers, made of concrete or synthetic, 
distribute the weight of traffic and prevent compression of the underlying soil. Runoff 
coefficients are similar to grass, 0.15 to 0.6.  

Each of these techniques is constructed over a base course that doubles as a reservoir for 
the stormwater before it infiltrates into the subsoil. The reservoir should consist of uniformly-
sized crushed stone, with a depth sufficient to store all of the rainfall from the design storm. 
The bottom of the stone reservoir should be completely flat so that infiltrated runoff will be 
able to infiltrate through the entire surface. Some designs incorporate an "overflow edge," 
which is a trench surrounding the edge of the pavement. The trench connects to the stone 
reservoir below the surface of the pavement and acts as a backup in case the surface clogs.  
 
 
Benefits and Effectiveness 
 
Porous pavement provides groundwater recharge and reduces stormwater runoff volume. 
Depending on design, paving material, soil type, and rainfall, permeable paving can infiltrate 
as much as 70% to 80% of annual rainfall.  
Porous pavement can reduce peak discharge rates significantly by diverting stormwater into 
the ground and away from the pipe-and-pond stormwater management system.  
Grass pavers can improve site appearance by providing vegetation where there would 
otherwise be only pavement.  
Porous paving increases effective developable area on a site because portions of the 
stormwater management system are located underneath the paved areas, and the infiltration 
provided by permeable paving can significantly reduce the need for large stormwater 
management structures on a site.  
Limitations  
 
Permeable paving can be prone to clogging from sand and fine sediments that fill void 
spaces and the joints between pavers. As a result, it should be used carefully where frequent 
winter sanding is necessary because the sand may clog the surface of the material. Periodic 
maintenance is critical, and surfaces should be cleaned with a vacuum sweeper at least three 
times per year.  
In cold climates, the potential for frost heave may be a concern for the use of permeable 
paving. Some design manuals recommend excavating the base course to below the frost 
line, but this may not be necessary in rapidly permeable soils. In addition, the dead air and 
void spaces in the base course provide insulation so that the frost line is closer to the surface.  
Permeable paving should not receive stormwater from other drainage areas, especially any 
areas that are not fully stabilized.  
Permeable paving can only be used on gentle slopes (<5%); it cannot be used in high-traffic 
areas or where it will be subject to heavy axle loads.  
Snow plows can catch the edge of grass pavers and some paving stones. Rollers should be 
attached to the bottom edge of a snowplow to prevent this problem.  
 
Maintenance  
 

• Post signs identifying porous pavement areas.  
• Minimize use of salt or sand during winter months  
• Keep landscaped areas well-maintained and prevent soil from being transported onto 

the pavement.  
• Clean the surface using vacuum sweeping machines monthly. For paving stones, 

periodically add joint material (sand) to replace material that has been transported.  
• Monitor regularly to ensure that the paving surface drains properly after storms.  
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• Do not reseal or repave with impermeable materials.  
• Inspect the surface annually for deterioration or spalling.  
• Grass pavers may require periodic reseeding to fill in bare spots.  

 
Cost:  
 
On most sites, permeable paving costs more than conventional asphalt or cement paving 
techniques. In the case of porous asphalt and pervious concrete, construction costs may be 
50% more than conventional asphalt and concrete. Construction costs of paving stones and 
grass pavers varies considerably and will depend on the application. As with any site 
improvement or stormwater management structure, property owners should provide a budget 
for maintenance of permeable paving, at an annual rate of 1%-2% of construction costs.  
 
Permeable paving reduces the need for stormwater conveyances and treatment structures, 
resulting in cost savings elsewhere. Permeable paving also reduces the amount of land 
needed for stormwater management and may satisfy requirements for greenspace, allowing 
more development on a site. 

 
 
 
 
�����
�%������
�%������
�%������
�%�9 �+��
��.9 �+��
��.9 �+��
��.9 �+��
��.����
 
Porous Asphalt 
www.hotmix.org 
 
 
Porous Concrete 
www.lehighcement.com 
www.washingtonconcrete.org 
www.cadman.com 
�
�
Unit Pavers 
http://www.uni-groupusa.org/uni-eco-.htm 
http://www.sspco.org/geoblock.html 
http://www.invisiblestructures.com 
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All well-designed green roofs include subsystems responsible for: 
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A wide range of methods can achieve these functions. For instance, drainage layers may consist of 
plastic sheets, fabric or synthetic mats, or granular mineral layers. Similarly, the physical properties 
and performance characteristics of growing media (engineered soils) and plant materials may vary with 
the climate, plant community, or engineering requirements. Figure 2 shows a generic cut-away of a 
common type of green roof assembly that utilizes a lower granular drainage layer in combination with 
an upper growth medium or substrate.�

�

��������	�������#�,(�����$��������-����

�������%����.!����/��0��&	����

The selection of a particular approach may depend on performance-related considerations, such as 
runoff control, drought-tolerance, biodiversity, appearance or accessibility to the public. While many 
pre-engineered systems are currently available, it is frequently necessary to customize these systems to 
satisfy specific performance objectives.�

�����
����	�������	�
�

1. Waterproofing 

Many premium waterproofing materials have a proven track record when used in combination with 
green roof installations. These include, but are not limited to polyvinyl chloride (PVC), thermal 
polyolefin, EPDM rubber, polymer modified bituminous sheet membranes (e.g., SBS membrane), 
liquid-applied rubberized-asphalt, and coal tar pitch. Other materials are likely to enter the industry as 
their suitability is proven in certification testing and prototype installations. 

Worldwide, polymer modified bituminous membranes and PVCs are the most common. Many of these 
installations have now been in place for over 30 years and continue to perform as designed. 

In all instances, materials, methods of installation, and quality assurance procedures must be more 
stringent when green roof installation is involved. Waterproofing material that cannot withstand 
decades of root and biological attack unaided must be protected with a supplemental root-
barrier layer. For information and standards pertaining to waterproofing materials, consult the 
National Roofing Contractors Association (NRCA) or American Standard Testing Methods (ASTM). 
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2. Pitched Roof Installations 

To install extensive vegetated roof covers on pitches steeper than 2.5:12 (12 degrees) supplemental 
measures will be required to prevent sliding instability. Varied building systems have been developed 
to support vegetated covers on steeply pitched roofs. Pitched roof systems merge into vertical facade 
greening techniques. 

�������1	�2����,(!��������3�&&�������������
4�����2����������%&$������������

3. Wind Resistance Systems�

Due to the unique physics of the green roof profile, attaching the elements of the green roof to the 
underlying structure is not usually important. The biomass bonds with the fabrics to create a unified 
cover, and the plants themselves create enough surface wind turbulence to foil potential uplift—the 
converse of an airfoil. If the green roof will be located in an unusually-high wind area, such as a high-
rise building or a coastal region, appropriate ballasts should be specified. Guidelines for ballast 
requirements are available from European green roof providers. 

4. Modular Systems 

Modular systems involve installing the green roof system inside plastic trays. Use of these systems 
does not relieve the designer from responsibility for considering the integrity of the underlying 
waterproofing system, nor does it make location of damaged waterproofing easier. However, these 
systems can be useful when designing small gardens on residential property or terraced commercial 
roofs. They also preserve flexibility to re-arrange landscape designs in the future. Owners who wish to 
engage in active gardening will find modules a convenient way to do this without damage to their 
homes' waterproofing. Two companies in North America currently offer modular, or tray, components, 
GreenTech and Weston/ABC Supply. 

5. Electric Leak Detection 

Inexpensive methods for locating damaged waterproofing underneath vegetated covers are available. 
These include the electric field vector mapping (EFVM) procedure. This method works by charging 
the moist media layer of the green roof with electricity and then looking for electrical grounds caused 
by moisture in contact with an underlying steel or concrete deck structure. 

����������
�

There are many potential benefits associated with green roofs. These include: 

• ������&&�������� �"�������������

• 0 !��$����"�����)��&��%��

• 5��������������������*��&��������#����

• ���&��������������$�#��&��������������� ������&���
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• ������$���������%��

• -���#�������������&�#�������������� ��������

• ���������"�&�&������������������

• 0 !��$����������������#���$���� ������������"��+������� ����������	��

As a result green roofs may be appropriate as an addition to many types of buildings, including 
commercial, industrial, institutional, and residential settings.�

1. Controlling Storm Water Runoff 

The rapid runoff of storm water from paved areas and roofs contributes to destructive flooding, 
erosion, pollution, and habitat destruction. The capacity of green roofs to moderate this runoff through 
both retention (water holding) and detention (flow-slowing) properties has been well-documented in 
Europe and increasingly in the United States. Green roofs share many engineering features with 
conventional storm water management basins, and compared to many at-grade storm water 
management practices, vegetated roof covers are unobtrusive, low maintenance, and reliable. Green 
roofs may offer the only practical "at-source" technique for controlling runoff in areas that already are 
highly urbanized. 

Vegetated roof covers are particularly effective at controlling runoff on the large roofs typical of 
commercial and institutional buildings. They can be designed to achieve specified levels of storm water 
runoff control, including reductions in both total annual runoff volume (reductions of 50 to 60 percent 
are common) and peak runoff rates for storms. 

4� !&�����*��������#�����

#����	�

Reliable techniques for predicting the rate and quantity of runoff from vegetated roof covers have been 
used successfully to design integrated storm water management measures in Germany, where large 
zero-discharge developments that rely heavily on green roofs are already operating. For example, the 
Bondorf transportation center in Sindelfingen achieves net zero storm water runoff discharge, largely 
through the use of 516,000 square feet (11.8 acres) of green roofs.�

2. Improving Water Quality 

By reducing both the volume and the rate of storm water runoff, green roofs benefit cities with 
combined sewer overflow (CSO) impacts. In cities with combined storm and waste water sewer 
systems, storm water dilutes the sanitary waste water, rendering treatment less efficient. During heavy 
rainfalls these systems also overflow, discharging raw sewage mixed with runoff into the receiving 
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streams-resulting in ecological damage and human health hazards. Therefore, important water quality 
benefits are achieved by controlling runoff. 

In addition, in urban areas, up to 30% of total nitrogen and total phosphorus released into receiving 
streams is derived from dust that accumulates on rooftops. Acting as natural bio-filtration devices, 
green roofs reduce this water contamination. In the Potsdamer Platz district of Berlin, extensive green 
roofs have been employed on a large scale in an effort to reduce pollution of the River Spree. This 
program has demonstrated that extensive green roofs can achieve large reductions in nutrient releases 
from roofs; however, the research also shows that the correct choices of growing medium and plant 
types are essential for success. 

3. Mitigating Urban Heat-Island Effects 

Covering dark conventional roofs with green roofs can significantly reduce the temperature above the 
roof. Green roofs have been shown to out-perform white or reflective roof surfaces in reducing the 
ambient air temperature. If sufficient urban surfaces are covered, this cooling (and attendant 
improvement of air quality) can have significant positive effects on human health, especially for the 
young and elderly in congested urban areas. 

4. Prolonging the Service Life of Roofing Materials 

Thirty-five years of experience with green roofs in Germany have demonstrated their value in 
protecting waterproofing materials. The multiple layers of the green roof protect the underlying roof 
materials from the elements in three ways: by protecting from mechanical damage (mostly from 
humans, but also from wind-blown dust and debris, and animals); by shielding from ultraviolet 
radiation; and by buffering temperature extremes, minimizing damage from the daily expansion and 
contraction of the roof materials. 

A roof assembly that is covered with a green roof can be expected to outlast a comparable roof without 
a green roof by a factor of at least two, and often three. Although modern green roof systems have not 
yet been in place longer than 35 years, many researchers expect that these installations will last 50 
years and longer before they require significant repair or replacement. For a building owner with a 
long-term investment in the roofing system, this benefit factor goes a long way toward paying back the 
initial investment in a green roof. 

5. Conserving Energy 

Not all benefits will be equally important in every project or climate. For instance, the capacity of 
green roofs to reduce heat flow, and therefore energy demand in buildings, is mostly a warm season 
phenomenon. As a result, this benefit will be realized most fully in warm climates, where energy 
expenditures on air conditioning are an important concern. Energy-related benefits will also be less 
important in multi-story buildings, due to the low ratio of roof area to the total of exposed building 
skin. Because green roofs are more complex than simple insulators, project-specific building envelope 
analysis is required to predict energy conservation under specific project conditions. 
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6. Reducing Sound Reflection and Transmission�

Green roofs can absorb a portion of the sound that otherwise bounces off hard roofing surfaces At the 
Frankfurt International Airport, green roofs were employed successfully as a means of sound 
abatement along new runway approaches. A simple 3-inch deep vegetative cover can be expected to 
reduce sound transmission by a minimum of 5 decibels. Sound abatement of up to 46 decibels has been 
measured on thicker roofs. 

7. Creating Wildlife Habitat 

Green roofs can be used to create wildlife habitats to supplement or replace diminishing open space in 
developing areas. With thoughtful planting and avoiding pesticides, a mature, self-sustaining 
ecosystem will teem with insects, spiders, snails, and songbirds. Using native species can recreate lost 
prairies, as at the Oaklyn Branch Library in Indiana. 

8. Improving the Aesthetic Environment 

Green roofs offer interesting new opportunities for architectural design. A green roof can allow a 
structure to merge with the surrounding landscape, provide a dramatic accent, or reinforce the defining 
aspects of the structure's geometry. In Germany—and increasingly in the United States—green roofs 
are frequently integrated into the design of hospitals and care facilities in order to provide a more 
restful and restorative environment for patients. Similarly, multi-unit residences and hotels will find 
that green roof-tops views substantially enhance property values. In commercial settings, job 
satisfaction and effectiveness can be enhanced by providing window views of meadows or flower beds 
or relaxing garden areas for breaks or meetings. 
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There are many interactive factors that green roof designer must take into account, balancing many 
considerations for optimal performance in each setting, including: 

• �&� �������!�#��&&%��� !������������������&&�!���������

• 4�����������������!!�����������#������

• 4������&�!�������������������#�����&��������������������������

• '%!����������&%����"����!���������

• 7���������&� ��������#��������������#�!!������������#�������������������
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• ����"����������:�����:��%��� �����#�������&���!���&���

• �������� ������&������&������
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Green roofs can be designed in conjunction with solar panels and also work very well in combination 
with other 'low-impact' development measures, such as infiltration beds, rain gardens, bioretention 
systems, cisterns and rain barrels. It is common place in Germany to find large developments that have 
zero runoff discharge. In these developments, rainfall is captured on the green roofs, returned to 
ground water through infiltration, and re-used for irrigation, toilet flushing, etc. 

��� !�"#��
���� !���
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Thirty-five years of German experience and research indicates that extensive green roofs will succeed 
in most climates, if properly designed. With appropriate plant selection, sufficient drainage, and 
adequate structural support for the additional dead weight, green roofs will survive winter ice build-up. 
However, buildings in arid (desert) zones may not be good candidates for extensive green roofs, due to 
the difficulties and expense of water distribution and retention. 

In North America, examples of extensive green roof projects are present in most climate zones, 
including New England, Mid-Atlantic, Gulf Coast, Midwest, Pacific Northwest, and Southern 
California regions. Ten or fifteen of these were built prior to 2002, and can be expected to have 
reached maturity by spring of 2003. 

Because the few North American roofs that have been built to date demonstrate such a wide variety of 
settings and approaches, it is impossible to highlight "representative" case studies here. However, 
many updated case studies of green roof projects, including both extensive and intensive designs, are 
available at Greenroofs.com. 

% � &������� ������������%���
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In the United States, green roof designs are generally regulated using existing standards for ballasted 
roofs. The International Code Council (ICC) code, formerly the BOCA code, used for guidance by 
many municipal authorities, recognizes roof gardens. It requires that the 'wet weight' of the green roof 
be treated as an additional dead load. It also supplies live load requirements for maintenance-related 
foot traffic and for regulated pedestrian access. One limitation of the ICC standards is that it does not 
specify the testing methods to be used in satisfying the code. ICC also provides standards for parapet 
heights and requirements for railings.�

Trade organizations such as National Roofing Contractors Association (NRCA) are developing 
guidelines for waterproofing with green roof installations in mind. In addition, American Standard 
Testing Methods (ASTM), through the Green Roof Task Group E06.71, is in the process of developing 
guidelines and testing procedures specifically for green roof products. 

However, at present, the only accepted guidelines for green roof construction are those developed by 
Forschungsgesellschaft Landschaftentwicklung Landschaftsbau. e.V. (FLL), in Germany (Guidelines 
for Planning, Installation, and Maintenance of Green Roofs, Richtlienien für die Plannung, 
Ausführung und Pflege von Dachbegrünungen, Forschungsgesellschaft Landschaftentwicklung 
Landschaftsbau. e.V.). These standards and guidelines are comprehensive, and include industry 
standard tests for medium weight, moisture, nutrient content, grain-size distribution, etc. The 1995 
edition of the guide is available in English. The English translation can be purchased directly from 
FLL or through Roofscapes, Inc.. FLL also certifies laboratories to conduct critical tests such as the 
root penetration resistance of waterproofing membranes. Many green roof products available in the 
United States have FLL certification. 

�����������% ��'%� ��

�

�����

.!�� ����4������������&��5��� ����,����%������ !�����������#������������$��

3�����

����	�������	"������

Non-commercial organizations that can provide current lists of green roof service providers and are a 
useful source of up-to-date information, include: 
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In addition, some regional groups and agencies have distinguished themselves in the promotion of 
green roofs. These include the Earthpledge Foundation in New York City, Northwest Eco-Builders 
Guild, and Cleveland Green Building Coalition. In particular, the City of Portland, Oregon Ecoroof 
Program offers a guide to best management practices offers a useful "Vegetated Roof Cover Fact 
Sheet".�
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The following table provides links to key analysis, simulation, and research evaluating and predicting 
the performance of green roofs. 
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German universities with significant on-going research in the science and engineering of green roofs 
include:�

• 3��������!������#���#��#��&���

• <�%����#���2����������&���/��3����������������������23����

8����A#������ ��

• ;��$�����C��
����$����

• '�#���#���;��$�����C��=���������������

• ;��$�����C��,������
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Two national companies in North America offer complete green roof building systems, independent of 
any particular waterproofing product: 

• -����#�!����0�#	�������

• '�#���� ���#�����!	��

In addition, vegetated roof covers may now be purchased in conjunction with most conventional 
waterproofing systems, some of which have been tested by FLL for compatibility with green roofs. At 
least ten North American roofing companies offer green roof assemblies as standard auxiliary 
products, and more companies are entering the field all the time.�
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